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The detailed energetics and dipole moment information regarding the performance of the secondorder SCC-DFTB and optimized SCC-DFTBPR on model molecules in the QCRNA database are summarized in Table S1 and S2, respectively. The reference B3LYP results are from the QCRNA database website (http://theory.chem.umn.edu/QCRNA/).
The average binding energies between MMP in different chemical states along the dissociative pathway and nearby water molecules at different QM and QM/MM levels are summarized in Table S3 . Encouragingly, the B3LYP and full SCC-DFTBPR results are very similar despite the large magnitude of total interaction energies. The SCC-DFTBPR/MM results, on the other hand, are substantially different from the full QM results if the standard Coulombic expression is used for the QM/MM interaction, regardless of the QM van der Waals parameters. Using the Klopman-Ohno formulation for the QM/MM interaction, by contrast, gives substantially closer agreement with the full QM calculations even without any attempt to optimize the relevant parameters (e.g., including the charge dependence of the Hubbard parameters). These data suggest that the Klopman-Ohno formulation can be further optimized to produce much improved QM/MM interactions, especially when the solute is highly charged (Hou and Cui, work in progress).
In Fig.S1 -S9, structures optimized at the SCC-DFTBPR level for the model compounds are presented. In Fig. S10 , the radial distribution functions of water surrounding the oxygen in the solute from SCC-DFTBPR/TIP3P simulations are summarized; red (blue) corresponds to the solute in the reactant (zwitterionic) state of MMP. The dotted lines give the corresponding integrated numbers of water molecules.
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12. Nomenclature.html d) Reaction energetics (relative energy with respect to the reactant state; exothermicity and energy barrier) in kcal/mol; energies are from single point energy calculations at the B3LYP/6-311++G(3df, 2p) level based on the optimized geometry at the B3LYP/6-31++G(d, p) level from QCRNA; gas phase 0K electronic energy without zero-point vibrational energy correction is used. e) Energy difference from the DFT reference, i.e., !E SCCDFTB -!E DFT . "SP" refers single point energy calculations with a SCC-DFTB parameterization at the QCRNA structures; "Stable Opt" refers to calculations in which the structure is also optimized at the SCC-DFTB level, which is only done for the stable state. f) MAXE: largest error; RMSE: root-mean-square error, defined as <(err) 2 > 1/2 ; MUE: mean unsigned error; MSE: mean signed error. Water molecules within 3 Å from atoms O7, O8 or O9 (see Fig. S10 ) are selected as the first solvation shell. The binding energies studied are vertical values, i.e., using the structure collected from the trajectory without any further geometry optimization. c)
All atoms are treated with SCC-DFTBPR.
d)
The MMP is described by SCC-DFTBPR, and water molecules are treated as the TIP3P model. Numbers without parentheses are results using the standard (CHARMM lipid) van der Waals parameters for the QM atoms and Coulombic QM/MM interaction; numbers with parentheses are obtained with the optimized QM van der Waals parameters (following the standard procedure as described in Ref 
